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© Dual polarization transmission system. 



© A dual polarization transmission system includes 
a first circuit for alternately arranging a plurality of 
channels having a first bandwidth on a first polarized 
wave and a second polarized wave orthogonal to the 
first polarized wave on a frequency axis, and a 
second circuit for alternately arranging a plurality of 
channels having a second bandwidth smaller than 
the first bandwidth on the opposite polarized wave 
having the same center frequency as that of a cor- 
responding one of the channels arranged by the first 
circuit. 
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Dual Polarization Transmission System 



The present invention relates to a dual po- 
larization transmission system and. more particu- 
larly, to a dual polarization transmission system in 
which channels having the same center frequency 
are arranged on two orthogonal polarized waves in s 
a digital radio communication system. 

In order to increase a channel capacity in a 
digital radio communication system having a large 
number of channels, an interleave frequency ar- 
rangement in which channels are alternately ar- w 
ranged on two orthogonal polarized waves, e.g., a 
vertically polarized wave and a horizontally po- 
larized wave has been widely used. 

Fig. 1 shows an arrangement of a conventional 
system for realizing an interleave frequency ar- 75 
rangement, and Fig. 2 shows the interleave fre- 
quency arrangement. 

In Fig. 1, a transmitter side is constituted by 16 
QAM modulators 111, 112. 131, and 132 for output- 
ting 16 QAM modulated signals (IF signals) having 20 
a bandwidth B1, transmitters 211, 212, 231, and 
232 for converting the 16 QAM modulated signals 
into signals of radio frequencies having center fre- 
quencies fl, f3, f2» and f4 and outputting the ob- 
tained signals, and a transmitting antenna 101. 25 
Outputs from the transmitters 21 1 and 212 are 
connected to a vertical polarization side of the 
transmitting antenna 101 and transmitted as verti- 
cally polarized channels 11 and 12 having the 
center frequencies f1 and f3 and the bandwidth B1 . 30 
Outputs from the transmitters 231 and 232 are 
connected to a horizontal polarization side of the 
transmitting antenna 101 and transmitted as hori- 
zontally polarized channels 31 and 32 having the 
center frequencies f2 and f4 and the bandwidth B1. 35 
As a result, the interleave frequency arrangement 
shown in Fig. 2 is realized. 

A receiving side is constituted by receivers 
311, 312, 331, and 332 and 16 QAM demodulators 
411, 412, 431, and 432. A vertical polarization side 40 
of a receiving antenna 102 is connected to the 
receivers 311 and 312. The receivers 311 and 312 
separate the channels 11 and 12, respectively, and 
frequency-convert the channels into signals having 
an IF band. The IF signals are demodulated by the 45 
16 QAM demodulators 411 and 412. A horizontal 
polarization side of the receiving antenna 102 is 
connected to the receivers 331 and 332. The re- 
ceivers 331 and 332 separate the channels 31 and 
32, respectively, and frequency-convert the chan- 50 
nels into signals having an IF band. The IF signals 
are demodulated by the 16 QAM demodulators 431 
and 432. 

In the interleave frequency arrangement shown 
in Fig. 2, the vertically polarized channels 11 and 



12 and the horizontally polarized channels 31 and 
32 are alternately arranged on a frequency axis. 
Since polarized wave discrimination is possible be- 
tween two adjacent channels, channel interference 
can be sufficiently reduced even if the bands of the 
two channels more or less overlap each other. 
Therefore, the bandwidth of the channels is set 
such that the bands of the channels slightly overlap 
each other. 

Fig. 3 is a block diagram of an arrangement of 
a dual polarization transmission system which has 
been used to further improve a frequency band 
utilizing efficiency in recent years and in which 
channels having the same center frequency are 
arranged on two orthogonal polarized waves. Fig. 4 
shows a frequency arrangement in the system of 
Fig. 3. in Figs. 3 and 4, the same reference nu- 
merals as in Figs. 1 and 2 denote the same parts. 

In the conventional example in Fig. 3, vertically 
polarized channels 51 and 52 and horizontally po- 
larized channels 61 and 62 are added to the inter- 
leave frequency arrangement shown in Fig. 2 such 
that center frequencies of the channels 51, 52, 61, 
and 62 coincide with the center frequencies f2, f4, 
fl. and f3 of the channels 31. 32, 11, and 12, 
respectively. 

in Fig. 3, in order to add the vertically polarized 
channels 51 and 52 having the bandwidth B1 and 
the center frequencies f2 and f4, respectively, 
shown in Fig. 4, to the system shown in Fig. 1,16 
QAM modulators 151 and 152 and transmitters 251 
and 252 are additionally connected to the vertically 
polarization side of the transmitting antenna 101, 
respectively. In addition, in order to receive and 
demodulate the channels 51 and 52, receivers 351 
and 352 and 16 QAM demodulators 451 and 452 
are connected to the vertically polarization side of 
the receiving antenna 102. In order to add the 
horizontally polarized channels 61 and 62 having 
the bandwidth B1 and the center frequencies fl and 
f3, 16 QAM modulators 161 and 162 and transmit- 
ters 261 and 262, and receivers 362 and 363 and 
16 QAM demodulators 462 and 463 are connected 
to the horizontally polarization sides of the transmit- 
ting and receiving antennas 101 and 102, respec- 
tively. 

Since the bandwidth of all the channels is the 
same, portions (hatched portions in Fig. 4) in which 
the bands overlap each other are produced be- 
tween adjacent channels having the same polarized 
wave, thereby increasing channel interference. 
Therefore, the bandwidth of each channel must be 
narrowed. 

In order to narrow the bandwidth of each chan- 
nel, a roil-off coefficient is reduced to strictly limit 
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the bandwidth, or a code transmission rate is re- 
duced. 

Data to be transmitted by each channel is 
composite data obtained by multiplexing main data 
which is information to be transmitted, subdata 
such as a digital service channel, and overhead 
bits for monitoring and controlling a radio section 
such as a frame sync bit and a parity check bit. By 
increasing or reducing the number of the subdata 
or the overhead bits, the code transmission rate 
can be increased or reduced to some extent even 
at the same information transmission rate. 

As described above, according to the conven- 
tional dual polarization transmission system, the 
bandwidth of each channel must narrowed. How- 
ever, if the bandwidth is strictly limited for this 
purpose, a transmission quality is degraded due to 
nonlinearity, and no system gain can be obtained. 
In addition, it is difficult to realize a filter system, 
and degradation in hardware tends to occur. Mean- 
while, when the code transmission rate is reduced 
to narrow the bandwidth, a transmission capacity of 
the subdata is reduced to limit applications of the 
system, or a capacity of the overhead bits is re- 
duced to disable high-grade monitoring or control 
of lines. Furthermore, when the bandwidth of exist- 
ing channels in the interleave frequency arrange- 
ment is narrowed in order to additionally provide 
new channels, modification of equipment costs a 
great deal. 

Summary of the Invention 

It is, therefore, an object of the present inven- 
tion to provide a dual polarization transmission sys- 
tem in which channels in an interleave frequency 
arrangement can be directly used without narrow- 
ing their bandwidth and channel interference can 
be sufficiently reduced. 

A dual polarization transmission system of the 
present invention comprises a first channel having 
a first polarized wave and a first bandwidth and a 
second channel having the first polarized wave and 
a second bandwidth different from the first band- 
width, the first and second channels being ar- 
ranged alternately, a third channel having a second 
polarized wave orthogonal to the first polarized 
wave, a center frequency equal to a center fre- 
quency of the second channel, and a bandwidth 
equal to the first bandwidth, and a fourth channel 
having the second polarized wave, a center fre- 
quency equal to a center frequency of the first 
channel, and a bandwidth equal to the second 
bandwidth. 



Brief Description of the Drawings 

Fig. 1 is a block diagram of an arrangement 
of a conventional technique; 
5 Fig. 2 is a view for explaining a frequency 

arrangement in the system of Fig. 1; 

Rg. 3 is a block diagram of an arrangement 
of another conventional technique; 

Rg. 4 is a view for explaining a frequency 
w arrangement in the system of Rg. 3; 

Rg. 5 is a block diagram of an arrangement 
of an embodiment of a dual polarization transmis- 
sion system according to the present invention; 
and 

75 Rg. 6 is a view for explaining a frequency 

arrangement for explaining an operation of the sys- 
tem in Rg. 5. 

20 Detailed Description of the Preferred Embodiment 

An embodiment of the present invention will be 
described in detail below with reference to the 
accompanying drawings. 

25 Rg. 5 is a block diagram of an arrangement of 

an embodiment of a dual polarization transmission 
system according to the present invention. 

Rg. 6 is a view showing a frequency arrange- 
ment in the system of Rg. 5. 

30 In Rgs. 5 and 6, the same reference numerals 

as in Rgs. 1 to 4 denote the same parts. 

In Fig. 5, a 64 QAM system is additionally 
provided to an existing 16 QAM system. 

A transmitter side is constituted by 16 QAM 

35 modulators 111, 112, 131, and 132 for outputting 
16 QAM modulated signals (IF signals) having a 
bandwidth B1. transmitters 211, 212, 231, and 232 
for converting the 16 QAM modulated signals into 
signals of radio frequencies having center frequen- 

40 cies M, f3. f2, and f4, respectively, and outputting 
the obtained signals, 64 QAM modulators 121, 122, 
141, and 142 for outputting 64 QAM modulated 
signals (IF signals) having a bandwidth B2, trans- 
mitters 221, 222, 241, and 242 for converting the 

45 64 QAM modulated signals into signals of radio 
frequencies having the center frequencies f 1 , f2, f3. 
and f4, respectively, and outputting the obtained 
signals, and a transmitting antenna 101. 

Outputs from the transmitters 211. 212, 221, 

50 and 222 are connected to a vertical polarization 
side of the transmitting antenna 101. The outputs 
from the transmitters 211 and 212 are transmitted 
as vertically polarized channels 11 and 12 having 
the bandwidth B1 and the center frequencies fl 

55 and f3, respectively. The outputs from the transmit- 
ters 221 and 222 are transmitted as vertically po- 
larized channels 21 and 22 having the bandwidth 
B2 and the center frequencies f2 and f4, respec- 
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tively. The bandwidth B1 is a conventional band- 
width of channels in the existing interleave fre- 
quency arrangement, and the bandwidth B2 is nar- 
rowed so that channel interference between chan- 
nels having the same pclan2ed wave is negligible. 5 

Outputs from the transmitters 231, 232. 241. 
and 242 are connected to a horizontal polarization 
side of the transmitting antenna 101. The outputs 
from the transmitters 231 and 232 are transmitted 
as horizontally polarized channels 31 and 32 hav- ro 
ing the bandwidth Bi and the center frequencies f2 
and f4, respectively The outputs from the transmit- 
ters 241 and 242 are transmitted as horizontally 
polarized channels 4; and 42 having the bandwidth 
B2 and the center frequencies ft and f2, respec- 75 
tively. As a result, a frequency arrangement shown 
in Fig. 6 is realized. 

As shown in Fig. 6. the vertically polarized 
channels 11 and 12 having the bandwidth B1 and 
the vertically polarized channels 21 and 22 having 20 
the bandwidth B2 are alternately arranged on a 
frequency axis. The center frequencies of the hori- 
zontally polarized channels 31 and 32 having the 
bandwidth B1 equal to the center frequencies f2 
and f4, respectively, of the channels 21 and 22. 25 
The center frequencies of the horizontaJly polarized 
channels 41 and 42 equaJ to the center frequencies 
fl and f3, respectively, of tho channels 11 and 12. 

The bandwidth BI is set to be a conventional 
bandwidth of channels in the interleave frequency 30 
arrangement, and the bandwidth B2 is set to be 
narrower than the bandwidth Bi so that channel 
interference between channels having the same 
polarized wave is negligible. 

In Fig. 5, a receiving side is constituted by 35 
receivers 311, 312. 331. 332, 341. 342, 321. and 
322, 16 QAM demodulators 411. 412, 431, and 
432, and 64 QAM demodulators 441 , 442, 421 , and 
422. A vertical polarization side of a receiving an- 
tenna 102 is connected to the receivers 311. 312, 40 
321. and 322. The receivers 311. 312, 321. and 
322 branch the channels 11. 12. 21. and 22, re- 
spectively, and frequency-convert the channels into 
signals having an IF band. Outputs from the receiv- 
ers 311, 312, 321, and 322 are demodulated by the 45 
16 QAM demodulators 411 and 412 and the 64 
QAM demodulators 421 and 422, respectively. A 
horizontal polarization side of the receiving antenna 
102 is connected to the receivers 331, 332, 341, 
and 342. The receivers 331, 332, 341, and 342 so 
separate the channels 31. 32, 41, and 42, respec- 
tively, and frequency-convert the channels into sig- 
nals having an IF band. Outputs from the receivers 
331. 332. 341. and 342 are demodulated by the 16 
QAM demodulators 431 and 432 and the 64 QAM 55 
demodulators 441 and 442, respectively. 

The channels 11, 12, 31, and 32 can be used 
in the same manner as channels in the interleave 
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frequency arrangement. In addition, since the ban- 
dwidth B2 of the channels 21. 22, 41. and 42 is set 
narrower than the conventional bandwidth B1 of 
channels in the interleave frequency arrangement, 
channel interference can be sufficiently reduced. 

Even if the number of channels in a system is 
increased, a necessary transmission capacity of 
subdata of the entire system is not often changed. 
Therefore, by transmitting the subdata only through 
channels having the bandwidth B1. the bandwidth 
B2 of the other channels can be set smaller than 
the bandwidth B1 without strictly limiting the band- 
width of the channels or reducing the information 
transmission rate. 

As in the above embodiment, when the chan- 
nels 11. 12. 31. and 32 are provided using the 16 
QAMs and the channels 21, 22, 41. and 42 are 
provided using the 64 QAMs, the bandwidth B2 
can be set smaller than the bandwidth B1 while a 
capacity of composite data remains the same as in 
the existing channels. 

As has been described above, according to the 
dual polarization transmission system of the 
present invention, channels having a wide band- 
width and those having a narrow bandwidth are 
simultaneously used. Therefore, even if the chan- 
nels having the wide bandwidth are used in the 
same manner as conventional channels in the inter- 
leave frequency arrangement, channel interference 
can be sufficiently reduced. As a result, when 
channels are additionally provided to an existing 
digital radio communication system in the inter- 
leave frequency arrangement in order to realize a 
dual polarization transmission system, existing 
channels can be directly used without any modi- 
fication, resulting in an economical advantage: In 
addition, only channels having the wide bandwidth 
may be used to increase a transmission capacity of 
subdata at the start of system use, and when the 
channels having the wide bandwidth are used up 
by additionally providing channels, those having 
the narrow bandwidth may be used. In this case, 
the frequency band can be effectively used from 
the start of system use to widen the application 
range of the system. 



Claims 

1. A dual polarization transmission system 
comprising: 

a first channel having a first polarized wave 
and a first bandwidth and a second channel having 
the first polarized wave and a second bandwidth 
different from the first bandwidth, said first and 
second channels being arranged alternately; 

a third channel having a second polarized 
wave orthogonal to the first polarized wave, a cen- 
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ter frequency equal to a center frequency of said 
second channel, and a bandwidth equal to the first 
bandwidth; and 

a fourth channel having the second polarized 
wave, a center frequency equal to a center fre- 
quency of said first channel, and a bandwidth equal 
to the second bandwidth. 

2. A system according to claim 1. wherein the 
second bandwidth is set to be smaller than the first 
bandwidth so that interference between adjacent 
channels having the same polarized wave is negli- 
gible. 

3. A system according to claim 1 or 2, wherein 
a frequency arrangement determined in accor- 
dance with the radio frequencies set at equal inter- 
vals and the first and second bandwidths is set 
such that adjacent channels having the same po- 
larized wave do not interfere with each other. 

4. A dual polarization transmission system 
comprising: 

producing means for producing a first channel 
group consisting of a plurality of channels having a 
first polarized wave, a first bandwidth, and different 
center frequencies assigned at predetermined fre- 
quency intervals; 

producing means for producing a second 
channel group consisting of a plurality of channels 
having the first polarized wave, a second bandwidth 
which can be set between adjacent channels of the 
first channel group and is smaller than the first 
bandwidth, and center frequencies positioned in the 
middle of the center frequencies of adjacent chan- 
nels of said first channel group; 

producing means for producing a third channel 
group consisting of a plurality of channels having a 
second polarized wave, the first bandwidth and 
center frequencies equal to the center frequencies 
of the channels of said second channel group; 

producing means for producing a fourth 
channel group consisting of a plurality of channels 
having the second polarized wave, the second ban- 
dwidth, and center frequencies equal to the center 
frequencies of the channels of said first channel 
group; 

transmitting means for transmitting a signal 
having a frequency arrangement according to said 
first, second, third, and fourth channel groups by 
the first and second polarized waves; and 

recovering means for receiving the signal 
transmitted from said transmitting means, and sep- 
arating and recovering the channels of said channel 
groups. 

5. A dual polarization transmission system 
comprising; 

a transmitter side comprising: 
a plurality of first modulators for outputting first 
modulated IF signals having a first bandwidth; 

a plurality of first transmitters, connected in 



correspondence to said plurality of first modulators, 
for converting outputs from said plurality of first 
modulators into channel signals having radio fre- 
quencies set on a frequency axis at equal intervals 
s as center frequencies; 

a plurality of second modulators for outputting 
second modulated IF signals having a second ban- 
dwidth smaller than the first bandwidth; 

a plurality of second transmitters, connected in 

w correspondence to said plurality of second modula- 
tors, for converting outputs from said plurality of 
second modulators into channel frequencies having 
the radio frequencies set at equal intervals as cen- 
ter frequencies; 

is a transmitting antenna having a first polariza- 

tion section for performing first polarization and a 
second polarization section for performing second 
polarization orthogonal to the first polarization; 

connecting means for alternately connecting 

20 outputs from said plurality of first transmitters to 
said first and second polarization sections of said 
transmitting antenna in an order of the magnitude 
of the center frequencies; and 

connecting means for alternately connecting 

25 outputs from said plurality of second transmitters to 
said first and second polarization sections of said 
transmitting antenna in an order of the magnitude 
of the center frequencies; and 
a receiving side comprising: 

30 a receiving antenna having first and second 

polarization sections for performing the first and 
second polarization, respectively; 

a plurality of receivers, each corresponding to 
said plurality of transmitters and connected to said 

35 first or second polarization section of said receiving 
antenna, for converting a received channel into a 
corresponding IF signal; and 

a plurality of demodulators for demodulating 
output signals from said plurality of receivers. 

40 6. A system according to claim 5, wherein a 

frequency arrangement determined in accordance 
with the radio frequencies set at equal intervals and 
the first and second bandwidths is set such that 
adjacent channels having the same polarized wave 

45 do not interfere with each other. 

7. A system according to claim 5 or 6, wherein 
each of said first modulators is a 16 QAM modula- 
tor and each of said second modulators is a 64 
QAM modulator. 

so 
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0 Dual polarization transmission system. 



© A dual polarization transmission system includes 
a first circuit for alternately arranging a plurality of 
channels having a first bandwidth on a first polarized 
wave and a second polarized wave orthogonal to the 
first polarized wave on a frequency axis, and a 
second circuit for alternately arranging a plurality of 



channels having a second bandwidth smaller than 
the first bandwidth on the opposite polarized wave 
having the same center frequency as that of a cor- 
responding one of the channels arranged by the first 
circuit. 
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